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Abstract 
 
The article presents the results of research on the state of the antioxidant defense system of piglets under nitrate-
nitrite toxicosis and the action of corrective factors (methionine, phenarone and methyphene). Nitrate-nitrite load 
in piglets caused inhibition of the activity of enzymes of the antioxidant defense system, that indicates a decrease 
in the activity of superoxide dismutase, catalase and glutathione peroxidase in the serum of testing animals. The 
lowest activity of antioxidant enzymes under chronic nitrate-nitrite toxicosis was on the 60th day of the experi-
ment in the serum of piglets of the control group, where accordingly the activity of superoxide dismutase de-
creased by 14 %, catalase activity – by 18 %, glutathione peroxidase activity – by 12 %. Lipid peroxidation pro-
cesses are activated in the blood of animals, namely the level of lipid hydroperoxides and diene conjugates in-
creases under the conditions of experimental nitrate-nitrite load. It should be noted that the highest level of lipid 
peroxidation products in the serum of piglets with chronic nitrate-nitrite toxicosis was on the 60 th day of the 
testing, and accordingly the content of lipid hydroperoxides increased by 67 % and diene conjugates – by 33 %. 
Administration of methionine, phenarone and methyphene under nitrate load contributed to the activation of the 
antioxidant defense system compared to animals in the control group. The use of antioxidant drugs in sick piglets 
also contributed to the inhibition of lipid peroxidation, as indicated by a decrease in the content of lipid hydroper-
oxides and diene conjugates in the serum of experimental group. More pronounced antioxidant effect was shown 
by administrating methyphene. The mechanism of action of phenarone and methyphene is associated with the 
direct effect of its components on the inhibition of the absorption of metabolites that have a toxic effect on cell 
membranes of animals. As a result of the adsorbing action of zeolite, which is part of the drugs, in the digestive 
tract there is a decrease in the concentration of substances that can be substrates for lipid peroxidation, as well as 
removal of toxic metabolites in the blood, which are prooxidants. This process occurs by osmosis and diffusion of 
these substances through the capillaries of the microvilli of the small intestine and their subsequent fixation on the 
sorbent granules. 
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1. Introduction 
 
A significant number of scientific works of Ukrainian 
and foreign researchers are devoted to the study of issues 
related to nitrate-nitrite toxicosis of animals and poultry. 
These scientists have revealed the main links in the patho-
genesis of nitrate-nitrite toxicosis with different course in 
animals and birds. In particular, the peculiarities of metabol-
ic processes, violation of physiological functions of the body 
have been established (Douglas, 1970; Horner, 1982; Nord-
kvist et al., 2004; Aslani & Vojdani, 2007; Issi et al., 2008; 
Gutyj et al., 2016a). 
The action of nitrates on the body of animals is accom-
panied by the formation in the blood of methemoglobin, 
where iron (II) of hemoglobin is oxidized to iron (III) 
(Hegesh & Shiloah, 1982; Saito et al., 1996; Robert et al., 
1999; Harvey et al., 2010; Katabami et al., 2016). The pro-
cess of oxidation of this blood protein is realized through the 
interaction of its oxyform with the nitrite ion in a chain path. 
During the oxidation of hemoglobin, a number of radical 
metabolites are formed, which are active oxidants of biolog-
ical substrates and show a pronounced cytotoxic effect, 
initiating the processes of lipid peroxidation (LPO) (Hariv & 
Gutyj, 2016; Gutyj et al., 2017a; 2017b). In the process of 
oxidation of oxyhemoglobin, active forms of oxygen are 
included as direct participants in the elementary stages, 
producers of toxic to the body hydrogen peroxide, which 
also participate in the oxidation reactions of oxyhemoglobin. 
The so-called oxidative stress develops (Khariv et al., 2016). 
It occurs when the action of prooxidant factors exceeds the 
activity of the antioxidant defense system. The main impetus 
for this process, regardless of the specifics of the lesion and 
the associated source of activation of the LPO, is excessive, 
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primary or secondary, activation of free radical reactions 
(Todoriuk et al., 2017).  
The protection of the animal's body from reactive oxy-
gen species and toxic products of their metabolism is pro-
vided by the antioxidant defense system. If the active oxy-
gen metabolites are not sufficiently eliminated, the oxidative 
stress that occurs under these conditions can cause peroxide 
damage to cell membranes and intracellular biopolymers 
(proteins, nucleic acids). In addition, changes in cell mem-
branes and cell components induced by active oxygen me-
tabolites can modify metabolic pathways and affect physio-
logical processes in animal tissues (Gutyj et al., 2016b; 
Martyshuk et al., 2016).  
Nitrate poisoning kills productive livestock of farm ani-
mals, especially piglets after weaning, and causes significant 
economic damage (Тodoriuk et al., 2016). Therefore, in-
depth study of the pathogenesis of nitrate-nitrite toxicosis in 
pigs and methods of its correction is extremely important 
(Medeiros et al., 2003). 
The aim of the work is to establish the state of the antiox-
idant system of the body of piglets under the conditions of 
nitrate-nitrite toxicosis and the action of corrective factors 
(methionine, phenarone and methyphene). 
 
2. Materials and methods 
 
To perform the experimental work, the studies were per-
formed on large white piglets of three months of age. During 
the research, the rules mandatory for zootechnical experi-
ments on the selection and keeping of analogue animals in 
groups were followed. 
All animal manipulations were carried out following the 
European Convention on the protection of vertebrate ani-
mals used for experimental and scientific purposes (Stras-
bourg, 1986) and the “General ethical principles of animal 
experimentation,” adopted by the first national congress on 
bioethics (Kyiv, 2001). The experiments were carried out in 
accordance with the principles of humanity set out in the 
European community directive.  
Four groups of animals were formed: control (C) and 
three experimental groups (E). Piglets of group C were fed 
for three months NaNO3 at a dose of 0.3 g NO3ˉ/kg bw/day. 
Animals of group E1 were fed NaNO3 at a dose of 0.3 g 
NO3ˉ/kg bw/day together with methionine at a dose of 
4 mg/kg bw/day for three months. Animals of group E2 were 
fed NaNO3 at a dose of 0.3 g NO3ˉ kg bw/day together with 
phenarone at a dose of 1.2 mg/kg bw/day, for three months. 
Animals of group E3 were fed with feed NaNO3 at a dose of 
0.3 g NO3ˉ/kg bw/day with methyphene at a dose of 
0.9 mg/kg bw/day for three months. 
Methionine – Methioninum, a white crystalline powder 
with a specific odor with an active substance content of at 
least 98.5 %. Well soluble in dilute mineral acids, caustic 
alkalis and ammonia, sparingly soluble in water. 
Phenarone – Fenaronum, is a complex compound con-
taining 70 % phenazanoic acid and 30 % zeolite. Poorly 
soluble in cold water, better - in hot water. Thermostable. 
Methyphene – Methiphenum; white crystalline powder, 
sweet to the taste, with the smell of sulfur. Poorly soluble in 
cold water, better – In hot water (1 : 20). Thermostable. The 
drug contains phenarone and methionine. 
Venous blood was collected at the beginning of the ex-
periment and on the 10th, 30th, 60th and 90th days of the 
experiment. In blood serum investigated: the glutathione 
peroxidase activity – GPO (E.C.1.11.1.9; Moin V. M., 
1986); the catalase activity – CT (E.C. 1.11.1.6; Korolyk 
M.A. and co-authors, 1988); the superoxide dismutase activ-
ity –SOD (EC 1.1.15.1. Dubynina Е. Е., 1983); the concen-
tration of lipid hydroperoxides – LH (Myronchyk V. V., 
1984); the level of diene conjugates – DC (Stalna I. D., 
1977) (Vlizlo, 2012). 
The Statistica 6.0 software package was performed for 
analysis of the research. The reliability of the difference 
between the groups was assessed by Student's t-test. The 
results were considered plausible at * – P ≤ 0.05. 
 
3. Results and discussion 
 
Oxidative stress is accompanied by an imbalance be-
tween the intensity of free radical oxidation processes and 
the system of antioxidant protection (Martyshuk et al., 
2019a; 2019b; Grymak et al., 2020). The main radical that 
triggers the lipid peroxidation reaction in nitrate-nitrite toxi-
cosis in piglets is a superoxide radical, so it is important to 
study superoxide dismutase, which dismantles this radical to 
less toxic hydrogen peroxide. It is known that superoxide 
dismutase is one of the key enzymes of antiradical protec-
tion, which is a direct-acting antioxidant (Gutyj et al., 2018; 
Martyshuk et al., 2018; Martyshuk & Gutyj, 2019a; 2019b; 
Slobodian & Hutyi, 2020).  
In chronic nitrate-nitrite toxicosis in piglets found a re-
duction in the activity of this enzyme, starting from the 10 th 
day of the experiment, where it was respectively  
31.14 ± 0.17 SU/mg of protein (table 1). On the 30th day of 
the testing, the activity of SOD decreased by 11 % relative 
to baseline. On the 60th day of the experiment in animals 
treated with sodium nitrate in a subtoxic dose, the lowest 
activity of the enzyme in the serum was found, which was 
28.51 ± 0.15 SU/mg of protein. 
 
 
Table 1 
The effect of methionine, phenarone and methyphene on the serum activity of superoxide dismutase in piglets under chronic 
nitrate-nitrite toxicosis SU/mg of protein, (М ± m, n = 5) 
 
Groups of 
animals 
Research periods 
Initial values 10th day 30th day 60th day  90th day 
C 33.31 ± 0.11 31.14 ± 0.17 29.76 ± 0.17 28.51 ± 0.15 28.99 ± 0.15 
E1 33.42 ± 0.16 31.79 ± 0.15 30.45 ± 0.19 30.24 ± 0.15* 32.85 ± 0.06** 
E2 34.12 ± 0.18 32.13 ± 0.21 31.74 ± 0.13* 30.96 ± 0.06* 32.56 ± 0.15** 
E3 33.80 ± 0.14 32.43 ± 0.06 32.88 ± 0.12** 32.61 ± 0.06** 33.11 ± 0.05** 
Note: The degree of probability compared with the piglets of the control group: * – P ≤ 0.05; ** – P ≤ 0.01; *** – P ≤ 0.001 
 
Ukrainian Journal of Veterinary and Agricultural Sciences, 2020, Vol. 3, N 2 
55 
With the addition of methionine, phenarone and 
methyphene in piglets which were fed simultaneously the 
sodium nitrate at a dose of 0.3 g NO3ˉ/kg bw/day, prevented 
a decrease in superoxide dismutase activity, as indicated by 
the results of the studies shown in table 1. In animals of the 
experimental group, which were fed methionine, the activity 
of superoxide dismutase on the tenth day was  
31.79 ± 0.15 SU/mg of protein, on the 30th day of the test-
ing, the activity of the enzyme increased by 2.3 % relative to 
animals in the control group, and on the 60th day, respec-
tively, raised to 6 %. On the 90th day of the experiment, the 
activity of SOD reached its initial values. 
With the addition of methionine, phenarone and 
methyphene in piglets together with sodium nitrate, the 
activity of superoxide dismutase on the 10th day of the ex-
periment was respectively 32.13 ± 0.21 and  
32.43 ± 0.06 SU/mg of protein. On the 30th day of the 
study, the activity of SOD rised, respectively, in piglets of 
E2 group by 6.7 %, and in E3 group – by 10.5 %. On the 60th 
day of the testing, more pronounced changes in the activity 
of SOD were found. Its activity in the serum of piglets of E2 
group was 30.96 ± 0.06 SU/mg of protein, in E3 – 32.61 ± 
0.06 SU/mg of protein, whereas in animals of the control 
group it was 28.51 ± 0.15 SU/mg of protein. 
Therefore, the use of the above medicines increased the 
activity of superoxide dismutase in the blood of piglets sub-
jected to nitrate-nitrite load, which may be due to the direct 
participation of these drugs in the neutralization of free 
radicals and lipid peroxidation products. 
It should be noted, that it is important in the functioning 
of the enzymatic system of antioxidant defense of the body 
to establish a balance between SOD and catalase. The cata-
lase catalyzes the cleavage of hydrogen peroxide to form 
water and oxygen. 
The activity of catalase in the serum of piglets under 
conditions of chronic nitrate-nitrite toxicosis is shown in 
table 2. As can be seen from this table, the activity of cata-
lase in the serum of animals of the control group on the 10th 
day of the experiment decreased slightly relative to the ini-
tial values. On the 30th day of the research, the activity of 
the enzyme fell off to 11 %, and on the 60th day of the ana-
lyze, respectively, by 18 % relative to the values in the se-
rum of piglets of the control group at the beginning of the 
experiment. 
Application of methionine to experimental piglets, 
helped to increase the activity of catalase throughout the 
experiment. On the 30th day of the experiment, the activity 
of the enzyme in the serum of piglets of group E1 was  
1.16 ± 0.07 nmol/min×mg of protein, whereas in animals of 
the control group 1.10 ± 0.05 nmoles/min for 1 mg of pro-
tein. On the 60th day of the testing, catalase activity in-
creased by 9.8 % compared with the piglets of the control 
group. 
In piglets of the experimental group, which together with 
sodium nitrate were fed phenarone, we note similar changes 
in catalase activity, as in the first case. Thus, on the 10th day 
of the analyze, the activity of the enzyme increased by 5 %, 
on the 30th day – by 8 %, on the 60th day of the experiment, 
respectively – by 15 % relative to the animals of the control 
group. 
Better effect on the activity of catalase in the serum of 
piglets was carried out by feeding methyphene to animals of 
group E3, as indicated by the results of the studies shown in 
table 2. The catalase activity on the 10th day in the serum of 
experimental piglets was 1.25 ± 0.05 nmoles/min for 1 mg 
of protein, while on the 30th day the activity of the enzyme 
increased by 10 % relative to the piglets of the control 
group. On the 60th day of the analyze we note the highest 
catalase activity in comparison with animals of all experi-
mental groups and the control group. On the 90th day of the 
research, the activity of the enzyme reached initial values. 
 
 
Table 2 
The effect of methionine, phenarone and methyphene on the serum activity of catalase in piglets under chronic nitrate-nitrite 
toxicosis, nmoles/min for 1 mg of protein (М ± m, n = 5) 
 
Groups of 
animals 
Research periods 
Initial values 10th day 30th day 60th day 90th day 
C 1.24 ± 0.06 1.16 ± 0.04 1.10 ± 0.05 1.02 ± 0.14 1.03 ± 0.06 
E1 1.23 ± 0.07 1.20 ± 0.08 1.16 ± 0.07* 1.12 ± 0.06* 1.15 ± 0.06** 
E2 1.27 ± 0.08 1.22 ± 0.06* 1.19 ± 0.08* 1.17 ± 0.08** 1.22 ± 0.07** 
E3 1.26 ± 0.06 1.25 ± 0.05* 1.21 ± 0.02* 1.20 ± 0.05** 1.24 ± 0.05** 
 
Increased catalase activity in serum indicates high activi-
ty of oxidation and reduction processes in piglets fed antiox-
idants (Aslani & Vojdani, 2007; Gutyj et al., 2017; 
Lavryshyn et al., 2019). 
The second major important part of the antioxidant sys-
tem is the glutathione system, which consists of both enzy-
matic and non-enzymatic. An important enzyme that is part 
of this system is glutathione peroxidase, which protects the 
body of animals from oxidative damage. This enzyme cata-
lyzes the reduction of lipid peroxides and the reduction of 
hydrogen peroxide to water. By its activity in the blood of 
animals, we can judge the glutathione system of antioxidant 
defense of the body as a whole. 
With the development of chronic nitrate-nitrite toxicosis 
in the serum of piglets found a decrease in glutathione pe-
roxidase activity (table 3).  
At the beginning of the research, the activity of glutathi-
one peroxidase in the serum of piglets of all experimental 
groups was within the values 35.49 ± 0.07 – 35.64 ±  
0.16 nmoles/min for 1 mg of protein. On the 10th day of the 
testing, the activity of the enzyme in the serum of animals of 
the control group decreased by 6.5 %, on the 30th day, re-
spectively – by 11 % relative to the initial values. On the 
60th day of the experiment, the activity of glutathione pe-
roxidase in the serum of control animals was the lowest, and 
accordingly was 31.20 ± 0.09 nmoles/min for 1 mg of pro-
tein. On the 90th day of the research, an increase in the 
activity of the enzyme was found, which may be due to the 
body's ability to adapt to long-term intake of sodium nitrate. 
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Table 3 
The activity of glutathione peroxidase in the serum of piglets in chronic nitrate-nitrite toxicosis, nmoles/min for 1 mg of  
protein (М ± m, n = 5) 
 
Groups of 
animals 
Research periods 
Initial values 10th day 30th day 60th day 90th day 
C 35.49 ± 0.07 33.18 ± 0.06 31.60 ± 0.18 31.20 ± 0.09 31.52 ± 0.21 
E1 35.64 ± 0.16 35.10 ± 0.19* 33.82 ± 0.05* 32.75 ± 0.20* 34.37 ± 0.18* 
E2 35.55 ± 0.04 35.51 ± 0.05* 34.71 ± 0.22* 34.12 ± 0.07** 35.12 ± 0.13** 
E3 35.50 ± 0.07 36.19 ± 0.14* 35.43 ± 0.12** 35.34 ± 0.22** 35.51 ± 0.12** 
 
With the addition of methionine in the blood serum of 
piglets, the activity of glutathione peroxidase on the 10th 
day of the experiment was 35.10 ± 0.19 nmoles/min for 
1 mg of protein, which is 6 % higher than in animals of the 
control group. On the 30th day of the research, the activity 
of GPO in the serum of the animals of group E1 relative to 
the control group was higher by 7 %, and on the 60th day - 
by 5 %, respectively. On the 90th day of the experiment, the 
activity of the enzyme increased, but compared with the 
initial values was lower by 4 %. 
Feeding phenarone and methyphene to piglets with sodi-
um nitrate also rised glutathione peroxidase activity in their 
blood. Thus, in the serum of animals of the experimental 
group E2, the activity of GPO on the 10th day of the analysis 
was 35.51 ± 0.05 nmoles/min for 1 mg of protein, whereas 
in piglets of experimental group E3 the activity of the stud-
ied enzyme was 36.19 ± 0.14 nmoles/min for 1 mg of pro-
tein. On the 30th day of the testing, the activity of GPO in 
animals fed phenarone was higher by 10 %, and in piglets 
fed methyphene, by 12 % relative to that in animals of the 
control group. On the 60 th day of the research, the activity 
of GPO in the serum of piglets was in group E2 34,12 ± 0,07 
nmoles/min for 1 mg of protein, in animals of experimental 
group E3 – 35,34 ± 0,22 nmoles/min for 1 mg of protein, 
which is respectively 13 and 17% more than in the control 
group. 
Therefore, the use of antioxidant drugs, namely: methio-
nine, phenarone and methyphene helped to increase the 
activity of the enzymatic system of antioxidant defense of 
piglets, preventing the development of oxidative stress that 
occurs in chronic nitrate-nitrite toxicosis.  
Various complications in the course of the disease can be 
avoided by timely blocking of the triggering mechanism of 
the pathology. This is due to the reduction of the intensity of 
lipid peroxidation in the body through the use of antioxi-
dants that prevent the formation of free radicals that can 
damage the cell. That is why we applied methionine, 
phenarone and methyphene in our studies. 
According to tables 4 and 5, the development of chronic 
nitrate-nitrite toxicosis is accompanied by rising processes 
of lipid peroxidation, as indicated by an increase in the level 
of lipid hydroperoxides and diene conjugates in the serum of 
experimental piglets.  
Table 4 shows the data of studies of the content of lipid 
hydroperoxides in the blood plasma of piglets in chronic 
nitrate-nitrite toxicosis and the use of antioxidant drugs. 
Feeding the piglets feed together with sodium nitrate at a 
dose of 0.3 g NO3ˉ/kg caused the growth in the content of 
lipid hydroperoxides in the serum of piglets of the control 
group. Thus, on the 10th day of the experiment, the content 
of lipid hydroperoxides increased by 21 % compared with 
the initial values. Subsequently, again found an increase in 
the content of the indicator under study, which on the 30th 
day of the research was 1.12 ± 0.05 SU/ml On the 60th day 
of the experiment, the content of hydroperoxides in the 
serum of piglets of the control group increased by 67 % 
compared to the initial values. On the 90th day of the analy-
sis, the content of lipid hydroperoxides in the serum of pig-
lets of group C1 decreased slightly compared to the values of 
the 60th day, but remained at a high level and amounted to 
1.23 ± 0.03 SU/ml. 
With the addition of methionine to piglets of E1 group 
helped to reduce the toxic effects of nitrates on piglets. On 
the 10th day of the experiment, the content of lipid hydrop-
eroxides decreased by 8 % relative to that of piglets in the 
control group. On the 30th day of the research, the content 
of lipid hydroperoxides in the serum of E1 group was lower 
by 6 % relative to that of piglets in the control group. On the 
60th day of the analysis, the content of lipid hydroperoxides 
compared with the previous period of the study increased, 
but compared with animals in the control group decreased 
by 11 %. On the 90th day of the experiment, the content of 
the studied indicator was 0.99 ± 0.02 SU/ml. 
 
Table 4 
The effect of methionine, phenarone and methyphene on the content of lipid hydroperoxides in the serum of piglets in chronic 
nitrate-nitrite toxicosis, SU/ml (М±m, n = 5) 
 
Groups of 
animals 
Research periods 
Initial values 10th day 30th day 60th day 90th day 
C 0.75 ± 0.04 0.91 ± 0.05 1.12 ± 0.05 1.25 ± 0.04 1.23 ± 0.03 
E1 0.70 ± 0.01 0.84 ± 0.04* 1.05 ± 0.04* 1.11 ± 0.03** 0.99 ± 0.02** 
E2 0.68 ± 0.01 0.80 ± 0.03** 0.87 ± 0.02** 0.99 ± 0.02** 0.86 ± 0.03** 
E3 0.73 ± 0.07 0.79 ± 0.04** 0.80 ± 0.01** 0.85 ± 0.03** 0.78 ± 0.04** 
 
In chronic nitrate-nitrite toxicosis, phenarone had a more 
pronounced effect on the inhibition of LPO processes than 
methionine, as indicated by the content of lipid hydroperox-
ides in the serum. Thus, on the 10th day of the research, the 
content of lipid hydroperoxides in the serum of piglets of the 
experimental group was lower by 12 %, on the 30th day – 
22 % relative to the rate in piglets of the control group. On 
the 60th day of the experiment, the content of lipid hydrop-
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eroxides increased slightly compared to the previous study 
period and, accordingly, was 0.99 ± 0.02 SU/ml. On the 
90th day of the analysis, the content of the studied indicator 
decreased by 30 % relative to the values of animals in the 
control group. 
The administration of methyphene contributed to a better 
antioxidant effect than the use of phenarone and methionine 
alone. The components of methyphene act as synergists and 
have a more pronounced effect on the inhibition of lipid 
peroxidation. Thus, in these periods of the experiment, the 
content of lipid hydroperoxides in the serum of animals of 
E3 group was the lowest compared with animals of E1 and 
E2 groups. On the 10th day of the research, the content of 
lipid hydroperoxides in the serum of animals of the experi-
mental group E3 was lower by 13 %, on the 30th day – by 
29 %, on the 60th day – by 32 % relative to animals in the 
control group. On the 90th day of the experiment, the con-
tent of lipid hydroperoxides reached the limits of physiolog-
ical values, and was 0.78 ± 0.04 SU/ml. 
In chronic nitrate-nitrite toxicosis of piglets, the content 
of diene conjugates in their serum increased throughout the 
experiment. On the 10th and 30th day of the experiment, the 
content of diene conjugates in the serum of piglets of the 
control group increased by 9 and 27 % relative to the values 
taken at the beginning of the research. On the 60th day of 
the experiment, the content of diene conjugates in the serum 
of animals of K group was the highest – 9.05 ± 0.26 μmol/l. 
On the 90th day of the experiment, the content of diene 
conjugates decreased slightly, but compared with the blood 
taken at the beginning of the experiment was higher by 29 % 
(Table 5). 
Feeding methionine, phenarone, and methyphene to pig-
lets reduced serum diene conjugates with chronic nitrate-
nitrite toxicosis. Thus, on the 10th day of the experiment, 
the content of the studied indicator relative to the animals of 
the control group was lower by 3, 5 and 6 %, respectively. 
On the 30th day of the testing, the content of diene conju-
gates in the serum of animals of the experimental groups 
increased and accordingly amounted to animals of group E1 
8.24 ± 0.23 μmol/l, animals of group E2 7.93 ± 0.21 μmol/l 
and in piglets of group E3 7.34 ± 0.21 μmol/l.  
Table 5 
The effect of methionine, phenarone and methyphene on the content of diene conjugates in the serum of piglets in chronic 
nitrate-nitrite toxicosis, μmol/l (М±m, n = 5) 
Groups of 
animals 
Research periods 
Initial values 10th day 30th day 60th day 90th day 
C 6.81 ± 0.11 7.44 ± 0.24 8.66 ± 0.22 9.05 ± 0.26 8.99 ± 0.24 
E1 6.68 ± 0.11 7.23 ± 0.24* 8.24 ± 0.23* 8.58 ± 0.21* 7.93 ± 0.23** 
E2 6.56 ± 0.12 7.06 ± 0.22* 7.93 ± 0.21* 8.01 ± 0.28** 7.24 ± 0.29** 
E3 6.51 ± 0.23 6.97 ± 0.26* 7.34 ± 0.21** 7.56 ± 0.27** 6.80 ± 0.25** 
On the 60th day of the experiment in the serum of piglets 
fed methionine, the DC content was lower by 5 %, in piglets 
fed phenarone by 11 %, and in piglets fed methyphene by 
16 % relative to the values of animals in the control group. 
Therefore, the studied drugs have antioxidant properties, 
resulting in the restoration of equilibrium in the complex 
AOS-LPO in chronic nitrate-nitrite toxicosis. 
4. Conclusions
Feeding piglets with sodium nitrate at a dose of 0.3 g 
NO3ˉ/kg bw/day, caused inhibition of the activity of en-
zymes of the antioxidant defense system, as indicated by a 
decrease in the activity of superoxide dismutase, catalase 
and glutathione peroxidase in the serum of piglets. The 
lowest activity of antioxidant enzymes in chronic nitrate-
nitrite toxicosis was on the 60th day of the research in the 
serum of piglets of the control group, where accordingly the 
activity of superoxide dismutase decreased by 14 %, cata-
lase activity – by 18 %, glutathione peroxidase activity – by 
12 %. 
In chronic nitrate-nitrite toxicosis of piglets, the process-
es of lipid peroxidation in their body are activated, which is 
indicated by the increase in the level of primary and inter-
mediate products of lipid peroxidation, namely: lipid hy-
droperoxides and diene conjugates. The highest level of 
lipid peroxidation products in the serum of piglets in chronic 
nitrate-nitrite toxicosis was on the 60th day of the experi-
ment, where the content of lipid hydroperoxides increased 
by 67 % and diene conjugates – by 33 %. 
The use of methionine, phenarone and methyphene in 
piglets in chronic nitrate-nitrate toxicosis contributed to the 
activation of the antioxidant defense system compared to 
control animals. The use of antioxidant drugs in sick testing 
animals also contributed to the inhibition of lipid peroxida-
tion, as indicated by a decrease in the content of lipid hy-
droperoxides and diene conjugates in the serum of experi-
mental piglets. Feeding metifen piglets with a more pro-
nounced antioxidant effect.  
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